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We have developed a simple, efficient, and environmentally benign microwave-assisted InCl3-catalyzed
synthesis of N-carbazolyldihydropyridines via a four-component reaction of 3-amino-9-ethylcarbazole,
malononitrile, aromatic aldehydes, and acetylenic esters. The use of microwave heating allowed for
reduced reaction times and resulted in higher yields. This four-component reaction is atom-efficient,
high-yielding, and applicable to a wide variety of four-component reactions.

� 2011 Elsevier Ltd. All rights reserved.
Multi-component, one-pot syntheses have received considerable
attention because of their wide range of applications in pharmaceu-
tical chemistry for the creation of structural diversity and combina-
torial libraries for drug discovery.1 DHPs (dihydropyridines) are an
important class of compounds in the field of pharmaceuticals due
to the high level of biological activity including vasodilation, bron-
chodilation, hepatoprotection, geroprotection, and as antiathero-
sclerosis, antidiabetes, antitumor, antimutagenic, antioxidant,
anticonvulsant, and antiradical agents.2 Also, 1,4-DHPs are the most
potent calcium antagonists or calcium channel blockers.3 Carbaz-
oles and related compounds, on the other hand, also display a range
of biological activities which have made them attractive compounds
for both synthetic as well as medicinal chemists.4,5 It is with that
background in mind that we decided to extend the preparative scope
of our synthesis of DHPs to include heterocyclic compounds such as
carbazoles with DHP’s building blocks in order to modify and poten-
tially enhance their biological activities.

In the Huisgen 1,4-dipolar addition, a reactive intermediate is
formed in situ by the addition of nitrogen heterocycles to electron
deficient alkynes, and the reaction with different dipolarophilic re-
agents leads to a considerable number of heterocyclic compounds.6

In the past years, extensive interest has been given to these 1,4-di-
poles, and a number of carbon–carbon bond formation reactions
and heterocyclic constructions have been established.7 Recently,
these potential 1,4-dipoles have been also widely used in multi-
component reactions to develop more atom-economic and envi-
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ronmentally synthetic methods. A series of three-component and
four-component reactions involving nitrogen heterocycles, acti-
vated acetylenes, and electrophiles or dipolarophiles have been
developed by several research groups.8–11 Recently, this protocol
has been broadened to employ primary and secondary amines to
replace nitrogen heterocycles to generate the 1,4-dipolar interme-
diates.12 Multi-component reactions containing a primary amine,
acetylenedicarboxylate, and a third component as well as others
provide new elegant procedures for the clean synthesis of polysub-
stituted heterocycles.13

Recently, indium trichloride has evolved as a mild and water-tol-
erant Lewis acid imparting high regio-, chemo-, and diastereoselec-
tivity in various organic transformations.14 Compared to conven
tional Lewis acids, indium trichloride in particular has the advantages
of low catalyst loading, moisture stability, and catalyst recycling. Fur-
thermore, it is highly efficient to activate nitrogen-containing com-
pounds, such as imines and hydrazones, etc.15 In this Letter, we
wish to report an efficient and versatile method for the InCl3-cata-
lyzed synthesis of polysubstituted N-carbazolyl-1,4-dihydropyri-
dines via a four-component reaction of aminocarbazoles, aromatic
aldehydes, malononitrile, and acetylenic esters.

In our initial approach, we investigated the reaction of 3-amino-
9-ethylcarbazole 1,4-methoxy benzaldehyde, and malononitrile
with dimethyl acetylene dicarboxylate (DMAD) in the presence
of various catalysts using same solvent system at varying temper-
atures in a Biotage microwave oven to yield N-carbazolyl dihydro-
pyridine (5).16 Using as the catalyst either triethyl amine (1 mmol),
piperidine (1 mmol), tin(II) chloride (1 mmol), zinc chloride
(1 mmol), or ceric ammonium nitrate (1 mmol) (Table 1, entries
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1–6) gave only low to moderate yields. Ytterbium triflate (1 mmol),
L-proline (1 mmol), or indium(III) chloride, (entries 7–12), on the
other hand, showed promising results. Ytterbium triflate or L-pro-
line as the catalysts facilitated the formation of dihydropyridine (5)
in good yields (around 60%). With InCl3 as the catalyst the reac-
tions proceeded smoothly in an even shorter reaction time with
similar good yields, thus indicating InCl3 as the most efficient cat-
alyst of those tested (Table 1). In order to optimize the reaction
conditions we evaluated the most appropriate catalyst loading.
With the use of 10, 15, 20, and 25 mol % of InCl3 at 70 �C the yields
steadily increased with loading until it reached a maximum of
>90% at 25 mol % catalyst. No additional increase in yield was ob-
served upon further increasing the load of InCl3. As seen in entries
2 and 3 (base condition), and entry 8 (amino acid), although these
additives are not Lewis acids, yet the reaction proceeded smoothly
to generate 1,4-dipolar intermediates. Hence, the products have
been obtained in reasonable yield.

With the optimized conditions in hand, we turned our attention
to examine the scope of the reaction. At first, various aromatic
aldehydes were employed, and the reaction proceeded very well
to give the corresponding polysubstituted N-carbazolyl-dihydro-
pyridines 5a–g in good yields as shown in Scheme 1. Dimethyl
acetylenedicarboxylate also showed very high reactivity. These
results indicated that this four-component reaction is quite general
and has very broad substrate scopes. All compounds were isolated
by crystallization only and no chromatographic work-up was
required to obtain pure products. The structures of the product
N-carbazolyl dihydropyridines 5a–g were deduced from their ele-
mental analysis data, and from their IR, mass, 1H NMR, 13C NMR
spectra and one of the products was also confirmed by single crys-
tal X-ray diffraction study. The IR spectrum of 5a, for example,
shows absorption peaks at 3442, 3317, 2184, 1745, and 1711 cm
�1, which attest to the presence of amino, cyano, and ester groups,
respectively. 1H NMR spectrum of 5a exhibited a 2-amino group
singlet d 5.61 and the proton at the 4-position of the dihydropyri-
dine appears at d 4.48. Finally, the structure of one of the members
of the series, 5e, was confirmed by single crystal X-ray analysis (
Fig. 1).
Table 1
Reaction of 3-amino-9-ethylcarbazole with p-methoxybenzaldehyde, malononitrile, and a

Entry Additive Solvent Temp

1 — CH3CN 70
2 Et3N CH3CN 70
3 Piperidine CH3CN 70
4 SnCl2�H2O CH3CN 70
5 ZnCl2 CH3CN 70
6 CAN CH3CN 70
7 Yb(OTf)3 CH3CN 70
8 L-Proline CH3CN 70

9 InCl3 (10 mol %) CH3CN 70
10 InCl3 (15 mol %) CH3CN 75
11 InCl3 (20 mol %) CH3CN 70
12 InCl3 (25 mol %) CH3CN 70
To extend the utility of this domino reaction, the reactivity of
methyl propiolate (instead of DMAD) was also explored. Under
similar reaction conditions, the four-component reaction of 3-ami-
no-9-ethylcarbazole 1, aromatic aldehydes, malononitrile, and
methyl propiolate proceeded smoothly and regioselectively to give
another series of polysubstituted N-carbazolyl-dihydropyridines
6a–g in good yield as shown in Scheme 1. For compound 6a the
IR spectrum showed an unusually low frequency for the ester car-
bonyl group of 1701 cm�1. The other IR frequencies of 6a at 3452,
3365 cm�1 for NH2 and at 2189 cm�1 for the cyano group were
again as expected. In particular, the regiochemistry proposed for
the product 6a was decided on the basis of its 1H NMR spectrum
exhibiting singlets at d 4.43 and 7.34 due to the 4- and 6-position
protons of the dihydropyridine ring system. The 2-amino protons
of dihydropyridine show a broad singlet at d 5.59. This result
showed that a domino reaction for the efficient synthesis of the
versatile functionalized N-carbazolyl dihydropyridines has been
successfully established. Based on specific rotation of DHP deriva-
tives, all the compounds were found to be racemic mixtures.

To explain the mechanism of this multicomponent reaction, we
propose the following reaction course (Scheme 2). InCl3-assisted
Knoevenagel condensation of the aldehyde with malononitrile
yields arylidene malononitrile (A). Arylamine added to acetylene-
dicarboxylate to furnish the 1,4-dipole intermediate (B). Then, Mi-
chael addition of B to arylidene malononitrile A yielded the adduct
C, which transformed to intermediate D through the migration of
the hydrogen atom. In intermediate D, the intramolecular addition
of the amino group facilitated by InCl3 to the C–N triple bond gives
the cyclic intermediate (E). In the final step, N-carbazolyl dihydro-
pyridine 5 or 6 is formed by tautomerization of the imino group to
form the amino group as shown in Scheme 2.

In conclusion we have developed a novel domino four-compo-
nent synthesis of dihydropyridines from the simple synthons
aminocarbazole, aromatic aldehydes, malononitrile, and acetylenic
esters. The remarkable catalytic activity of InCl3 is superior to the
other reported catalysts with respect to improved yields and re-
duced reaction times. The higher yields, mild reaction conditions,
the ease of purification, and economic availability of the synthons
cetylenic esters under various conditions

erature (�C) Time (min) Yield

5a 6a

75 20 15
40 45 26
40 40 29
25 56 35
30 54 38
25 55 52
20 62 53
25 66 62

15 80 79
15 80 79
15 85 81
10 93 91



Scheme 1. Synthesis of N-carbazolyldihydropyridines catalyzed by InCl3

Figure 1. X-ray crystal structure of compound 5e.
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and catalyst make this an ecologically friendly procedure for the
synthesis of dihydropyridines. This protocol does not only provide
a novel and effective methodology for the preparation of function-
alized dihydropyridines but also opens up a new pathway for
Scheme 2. Mechanism for the formatio
employing 1,4-dipole intermediates to design other similar
multi-component reactions. Further expansion of the reaction
scope and synthetic applications of this methodology are in pro-
gress in our laboratory.
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